Postoperative delirium has been shown to be associated with higher risk of death,[@B1][@B2][@B3][@B4] functional decline,[@B5][@B6] and cognitive decline,[@B5][@B7] as well as longer hospitalization[@B8] and higher cost of care.[@B9][@B10] Older patients are at especially high risk for postoperative delirium, which is often unrecognized and may be inadequately treated.[@B8] Given the association between osteoarthritis and age, a substantial proportion of patients who undergo elective total hip arthroplasty (THA) are elderly and at high risk for postoperative delirium.[@B8][@B9] In addition to age, postoperative pain has also been shown to be a risk factor for delirium in orthopaedic patients.[@B9] The reported incidence of delirium after THA ranges from 7% to 17%.[@B8][@B9]

The literature on total joint arthroplasty patients with delirium does not include any large-scale clinical studies.[@B5][@B8] Marcantonio et al.[@B3] showed that delirium after orthopaedic surgery was associated with higher rates of death and decreased functional outcome. Gottesman et al.[@B1] reported similar findings in patients undergoing cardiac surgery. It is important to characterize the postoperative complications associated with delirium and to identify characteristics associated with postoperative delirium to optimize quality of care in arthroplasty patients.

The goals of our study were (1) to compare the demographic characteristics of patients with delirium after primary, elective THA with those of patients who did not have delirium; (2) to compare acute perioperative complication rates of patients with delirium after primary, elective THA with those of patients who did not have delirium; and (3) to determine whether there are any associations between specific comorbidities and delirium. We hypothesized that patients with postoperative delirium would have higher rates of major complications (including death) and minor complications compared with patients without postoperative delirium.

METHODS
=======

We searched the National Inpatient Sample (NIS) database for patients who underwent primary THA from 2000 through 2009. The NIS database includes discharge information from a 20% stratified sample of U.S. hospitals and patient information for all payers. The sampling methodology is reported to capture 97% of U.S. hospital discharges.[@B11] Discharge weights were used to scale the NIS data to represent the general U.S. population. Our Institutional Review Board deemed this study to be exempt from approval.

Inclusion and Exclusion Criteria
--------------------------------

All patients with an International Classification of Diseases, ninth revision, Clinical Modification (ICD-9-CM) procedure code for primary THA (code 81.51 or 81.52) were candidates for inclusion.[@B12] We excluded patients who had a hip or lower extremity fracture, were admitted through the emergency department, were transferred from another hospital, or had acute or chronic osteomyelitis, malignancy, or pathologic fracture to select for a purely elective primary arthroplasty population. Of the hospital discharges for 3,316,928 THA cases, 1,310,406 cases were excluded. The remaining 2,006,522 cases formed our study group. These patients were divided into two subgroups: (1) those who had been diagnosed with delirium (ICD-9-CM codes 293.0, 291.1, 290.41, 292.81) and (2) those who were not diagnosed with delirium. We included all subtypes of delirium as each patient had been diagnosed with delirium in this study because our patient population (from the NIS) only included patients in the postoperative period. Patients diagnosed with delirium represented 0.68% (n = 13,551) of all primary THA patients.

Patient Characteristics
-----------------------

We extracted data on patient age, sex, race, hospital charges, and comorbidities ([Table 1](#T1){ref-type="table"}). Race was identified as black, white, other (Hispanic, Asian, and Native American were combined in this category), or missing. Comorbidities were classified according to the Elixhauser coding schematic described by Quan et al.[@B13] Length of hospitalization and total charges were evaluated as continuous variables. We searched the database for the following complications by ICD-9-CM code: acute renal failure, death, deep vein thrombosis, hip dislocation, general procedural complication, hematoma, myocardial infarction, pneumonia, pulmonary embolism, seroma, stroke, and wound infection.

Statistical Analysis
--------------------

Descriptive statistics with standard errors for continuous variables were used for analyzing complications, demographic characteristics, hospital charges, and length of hospitalization. Student *t*-tests were used for continuous variables, and chi-square tests were used for categorical variables. Significance was set at *p* \< 0.01. Univariate and multivariate logistic regression models were constructed to assess the association of delirium with major and minor perioperative complications. All subtypes of delirium (i.e., alcohol withdrawal, drug-induced, acute, subacute, presenile, senile, and vascular) were included in pooled analysis. Major complications were defined as acute renal failure, death, myocardial infarction, pneumonia, pulmonary embolism, and stroke. Minor complications were defined as deep vein thrombosis, hip dislocation, general procedural complication, hematoma, seroma, and wound infection. Descriptive statistics for the association of the major Elixhauser comorbidities (i.e., cardiac arrhythmias, chronic pulmonary disease, congestive heart failure, liver disease, obesity, weight loss, and peripheral vascular disease) and delirium with death and complications were assessed (as multivariate odds ratios \[ORs\] with 95% confidence intervals \[CIs\]). Statistical analysis was performed using Stata ver. 10 (Stata Corp., College Station, TX, USA).

RESULTS
=======

Patients with delirium after primary elective THA were older (mean age, 75 ± 0.2 vs. 65 ± 0.1 years, *p* \< 0.001), more likely to be male (56% vs. 52%, *p* \< 0.001), and less likely to be black (3.3% vs. 4.4%, *p* = 0.002) or "other" race (2.7% vs. 4.4%, *p* \< 0.001) versus patients without delirium ([Table 1](#T1){ref-type="table"}). Data on race were missing in equally high proportions in both groups (for 28% of patients with delirium and 27% of patients without delirium).

According to multivariate analysis, the following comorbidities were significantly associated with the risk of perioperative delirium: history of drug abuse, history of alcohol abuse, weight loss, fluid or electrolyte abnormality, neurologic disorder, psychosis, coagulopathy, congestive heart failure, depression, cardiac arrhythmia, and diabetes with known medical complications ([Table 2](#T2){ref-type="table"}).

Compared with patients without delirium, those with delirium had longer hospitalizations (mean, 5.7 ± 0.07 vs. 3.8 ± 0.02 days; *p* \< 0. 001); higher charges (mean, \$46,153 ± \$885 vs. \$38,287 ± \$486; *p* \< 0.001); and more comorbidities (mean, 2.8 ± 0.03 vs. 1.4 ± 0.01; *p* \< 0.001). Multivariate logistic regression using number of comorbidities, age, and sex as covariates showed that delirium was independently associated with major and minor perioperative complications (OR, 2.0; 95% CI, 1.7 to 2.3).

Compared with patients without delirium, those with delirium were more likely to have major perioperative complications according to a pooled analysis ([Table 3](#T3){ref-type="table"}). Univariate analysis also showed associations of delirium with acute renal failure, death, myocardial infarction, pneumonia, and pulmonary embolism. On multivariate analysis, death, pulmonary embolism, and stroke were not independently associated with delirium.

Compared with patients without delirium, those with delirium were more likely to have minor perioperative complications. On univariate analysis, hip dislocation, general complications, and wound infection were associated with delirium ([Table 3](#T3){ref-type="table"}). All of these factors were found to be associated with delirium independently on multivariate analysis.

DISCUSSION
==========

Using data from the NIS from 2000 through 2009, we found associations of postoperative delirium with perioperative major and minor complications and death after primary, elective THA. Patients who experienced delirium after THA were older, were more likely to be male, had longer hospitalizations, had higher overall hospital charges, and had more comorbidities. Alcohol abuse is strongly associated with delirium in primary THA patients (observed in 5% of patients with delirium vs. 0.7% of patients who did not develop delirium). Prior studies have shown that alcohol abuse is associated with significantly higher risk for worse perioperative outcomes after arthroplasty surgery;[@B14] however, Jankowski et al.[@B5] suggested that alcohol abuse is not associated with postoperative delirium. They performed a rigorous analysis using the confusion assessment method, which takes approximately 55 minutes to complete. Because of this, it is possible that they were able to identify patients with more subtle delirium that may not have been recognized or appropriately diagnosed in our patient population---and that patients diagnosed with delirium in our study had more profound delirium. Therefore, the association with alcohol abuse might apply only to profound delirium after THA. No studies describe the relationship between duration of sobriety and risk of postoperative delirium, which would be important information for patient counseling when discussing the risks and benefits of THA.

Drug abuse is also strongly associated with delirium in primary THA patients ([Table 2](#T2){ref-type="table"}); however, the OR in our study may be artificially high because of statistical overfitting in our model or skewing due to differences in sample size. Prior literature has shown that history of drug abuse significantly increases the risk for postoperative delirium in patients undergoing orthopaedic surgery.[@B15] Additionally, a prior study has found that patients with a history of drug abuse are at significantly greater risk of postoperative complications.[@B16] In our study, we found that history of drug abuse was the strongest risk factor for postoperative delirium ([Table 2](#T2){ref-type="table"}).

Mental illnesses such as psychosis and depression were also found to be associated with delirium after THA surgery. Psychosis and depression ([Table 2](#T2){ref-type="table"}) were associated with an increased risk of postoperative delirium. Similar to a study by Stundner et al.,[@B17] our study showed a higher risk of postoperative delirium in patients with depression and anxiety. Our findings are consistent with this literature;[@B17][@B18][@B19][@B20] however, as described, Jankowski et al.[@B5] found that depression was not associated with postoperative delirium. Again, because of their rigorous diagnostic method, it is possible that they were able to identify patients with more subtle delirium that may not have been recognized or appropriately diagnosed in our patient population, and that patients diagnosed with delirium in our study had more profound delirium. Therefore, depression may be associated with more profound postoperative delirium.

When using multivariate regression, our study showed higher rates of postoperative delirium in patients with cardiac arrhythmias, coagulopathy, congestive heart failure, diabetes with known medical complications, and fluid and electrolyte disorders. These medical comorbidities have been shown to be associated with increased rates of delirium in patients in previous studies, and our findings are consistent with this ([Table 2](#T2){ref-type="table"}).[@B5][@B8][@B18][@B19][@B20][@B21]

Berstock et al.[@B22] investigated acute perioperative death after THA and found a 30-day mortality rate of 0.30% and a 90-day mortality rate of 0.65%. We found an inpatient mortality rate of 0.13% for THA patients. Of note, our study found that patients who experienced postoperative delirium were more than four times as likely to die during the same admission (0.55% vs. 0.13%, *p* \< 0.001) versus patients without delirium; however, on multivariate analysis, delirium was not an independent risk factor for death (OR, 1.01; 95% CI, 0.48 to 2.13).

Delirium is a complex syndrome that is likely the manifestation of several intertwined mechanisms without a distinct pathophysiology. We sought to identify some of the comorbidities associated with postoperative delirium. We also sought to determine the association of delirium with perioperative complications in primary elective THA patients. A limitation of this study is that any patient with a history of alcohol abuse is included in this analysis, including those who have sought treatment and are separated from their most recent use by several years. Further, the temporal relationship between complications and onset of delirium is unable to be established in an administrative database. Therefore, we can say with certainty only that there is an association because delirium may have caused the complication or the complication may have caused delirium. The limitations of our study are related to the use of the NIS database, which records administrative data for only the duration of the initial hospitalization. Administrative databases have been shown to have varying levels of reliability depending on the comorbidity.[@B23] Further, some comorbidities have subjective definitions, such as weight loss.[@B13] Long-term outcomes after discharge, which are an important metric for THA, cannot be evaluated using the NIS. Another limitation is the completeness of the data in the NIS. Previous analysis has shown that the information coded in the NIS is reasonably accurate, with a specificity of more than 92%, but it may not be complete.[@B24] Studies have shown that postoperative delirium is often underdiagnosed.[@B25] In our study, it is likely that postoperative delirium was underdiagnosed because an incidence of 0.68% is substantially lower than that reported in more rigorous studies.[@B5][@B8][@B9] Prior studies have suggested that the incidence is between 7% to 17%, although these studies use methods for diagnosing delirium that are extremely time intensive and likely capable of identifying more subtle and less severe cases of delirium.[@B5][@B8][@B9] Additionally, these are smaller studies that may not be reflective of an entire population. In our study, we likely did not identify all patients with delirium; however, the NIS has the major advantage of being the largest available administrative database that includes all payers. For patient subsets in which there are few cases at single or even multiple institutions such as patients with delirium, the NIS database is an excellent tool for providing a large sample size to determine incidence of relatively rare outcomes such as inpatient death. According to our findings, there is an association between delirium and perioperative morbidity and mortality in primary hip arthroplasty patients. Elective THA should be approached with caution after a thorough evaluation of comorbidities and with shared decision-making with the patient regarding the substantial risks.

Primary THA patients with postoperative delirium are at significantly higher risk of acute perioperative inpatient complications than those without delirium. Specific comorbidities and demographic characteristics are strongly associated with delirium. Elective THA should be approached with caution after careful consideration of comorbidities and risk factors. Understanding these factors can aid in preoperative counseling and allow patients to participate in a shared decision-making process.
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###### Demographic Characteristics of Patients with Primary Elective Total Hip Arthroplasty According to Postoperative Delirium Status (National Inpatient Sample, 2000--2009)

![](cios-10-286-i001)

  Parameter                         Patient without delirium (n = 1,992,971)   Patient with delirium (n = 13,551)   *p*-value
  --------------------------------- ------------------------------------------ ------------------------------------ -----------
  Age (yr)                          65 ± 0.1                                   75 ± 0.2                             \< 0.001
  Male sex                          1,036,345 (52)                             7,589 (56)                           \< 0.001
  No. of Elixhauser comorbidities   1.4 ± 0.01                                 2.8 ± 0.03                           \< 0.001
  Race                                                                                                              
   Black                            88,274 (4.4)                               447 (3.3)                            0.002
   White                            1,271,709 (64)                             8,872 (65)                           0.18
   Other^\*^                        88,648 (4.4)                               370 (2.7)                            \< 0.001
   Missing                          544,340 (27)                               3,862 (28)                           0.33

Values are presented as mean ± standard deviation or number (%).

^\*^Includes Hispanic, Asian, and Native American.

###### Odds of Developing Delirium after Primary Elective Total Hip Arthroplasty According to Multivariate Analysis of Comorbidities and Risk Factors (National Inpatient Sample, 2000--2009)

![](cios-10-286-i002)

  Factor                             OR (95% CI)
  ---------------------------------- ----------------
  History of drug abuse              497 (430--574)
  History of alcohol abuse           7.6 (5.2--11)
  Weight loss^\*^                    2.8 (1.8--4.4)
  Fluid or electrolyte abnormality   2.5 (2.2--2.9)
  Neurologic disorder                2.4 (1.8--3.2)
  Psychosis                          1.8 (1.0--3.2)
  Coagulopathy                       1.6 (1.2--2.2)
  Congestive heart failure           1.5 (1.2--1.8)
  Depression                         1.4 (1.2--1.6)
  Cardiac arrhythmia                 1.4 (1.2--1.6)
  Diabetes^†^                        1.4 (1.0--2.1)
  Female sex                         0.7 (0.6--0.7)

OR: odds ratio, CI: confidence interval.

^\*^Weight loss is not strictly defined per International Classification of Diseases-9 coding criteria but rather is determined at the discretion of the health care provider. ^†^With known medical complications.

###### Perioperative Inpatient Complications of Primary Elective Total Hip Arthroplasty According to Postoperative Delirium Status (National Inpatient Sample, 2000--2009)

![](cios-10-286-i003)

  Complication                 Patient with delirium (n = 13,551)   Patient without delirium (n = 1,992,971)   *p*-value^\*^   Complications associated with delirium^†^
  ---------------------------- ------------------------------------ ------------------------------------------ --------------- -------------------------------------------
  Major                                                                                                                        
   Acute renal failure         863 (6.4)                            29,713 (1.5)                               \< 0.001        2.0 (1.6--2.5)
   Death                       75 (0.55)                            2,601 (0.13)                               \< 0.001        1.0 (0.5--2.1)
   Myocardial infarction       51 (0.38)                            1,593 (0.08)                               \< 0.001        3.8 (1.7--8.4)
   Pneumonia                   488 (3.6)                            17,548 (0.88)                              \< 0.001        2.0 (1.5--2.6)
   Pulmonary embolism          63 (0.46)                            3,932 (0.20)                               0.001           1.5 (0.7--3.2)
   Stroke                      44 (0.32)                            1,769 (0.09)                               \< 0.001        1.4 (0.6--3.9)
   Any major complication^‡^   1,477 (11)                           57,156 (3.0)                               \< 0.001        2.0 (1.7--2.4)
  Minor                                                                                                                        
   Deep vein thrombosis        42 (0.31)                            2,822 (0.14)                               0.12            1.0 (0.4--2.5)
   Dislocation                 75 (0.55)                            2,905 (0.15)                               0.04            3.1 (1.5--6.3)
   General complication        2,239 (17)                           97,599 (4.9)                               \< 0.001        2.0 (1.7--2.3)
   Seroma or hematoma          432 (3.2)                            23,530 (1.2)                               \< 0.001        1.8 (1.3--2.3)
   Wound infection             133 (0.98)                           5,365 (0.27)                               \< 0.001        2.5 (1.5--4.3)
   Any minor complication^‡^   2,279 (17)                           132,478 (7.0)                              \< 0.001        2.0 (1.7--2.3)

Values are presented as number (%) or odds ratio (95% confidence interval).

^\*^By univariate analysis. ^†^By multivariate analysis using patient age, sex, and number of Elixhauser comorbidities as covariates. ^‡^Patients with more than one complication are counted only once in the aggregate complication categories.
